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INTRODUCTION

The human immunodeficiency virus (HIV)/AIDS epidemic
has already devastated many individuals, families, and commu-
nities. The epidemic has left millions of children orphaned, has
disrupted village and community life, and increasingly contrib-
utes to the erosion of civil order and economic growth. Ac-
cording to the World Health Organization (WHO) and the
Joint United Nations Programme on HIV/AIDS (UNAIDS),
an estimated 34.3 million people worldwide were living with
HIV/AIDS at the end of 1999 (see Table 3) and an estimated
15,000 people become infected each day (98). Of the global
total of people who are living with HIV, 95% live in developing
countries (93). As the epidemic evolves further, rates will con-
tinue to rise in communities and nations where poverty, social
inequalities, and weak health infrastructures facilitate spread
of the virus (93, 98).

Parallels can be seen in developed countries. For example, in
the United States, communities of color, in which the poor, the
undereducated, and those without regular access to health
services are overrepresented, are increasingly at risk. In 1998,
45% of reported AIDS cases were among African-Americans
and 20% were among Hispanics, yet these groups represent 12
and 13%, respectively, of the U.S. population (13). The epi-
demic in each region of the world is influenced by specific risk
factors that are associated with the spread of HIV/AIDS and
the responses that have evolved to address it. Factors that
enhance the spread of HIV transmission include migration,
economic instability, social and environmental factors, drug
use, increased rates of sexually transmitted diseases (STDs),
and poverty. In addition, subgroups of the virus may have
different rates of transmission (12, 44, 61, 82).

In this article, we describe the trends in the global pandemic
of HIV/AIDS outside the United States and discuss strategies
to prevent further spread and to mitigate associated conse-
quences. A great deal has been learned about the biological,
behavioral, and environmental factors that influence HIV

transmission and disease. However, a great deal still remains to
be done to translate knowledge into action. It is critical to
sustain current HIV prevention and care efforts so that further
ground is not lost. However, it is also imperative that we work
to expand these efforts, reaching individuals and communities
with prevention and care programs that have been proven to
work. To understand HIV/AIDS on a global level, prevention
and care must address issues and conditions unique to different
regions and communities.

The HIV/AIDS pandemic has taken on different forms in
various parts of the world. In some areas, HIV infection has
spread rapidly to the general population; in others, the spread
has remained among higher-risk subpopulations, including sex
workers and their customers, men who have sex with men, and
injection drug users (IDUs). Worldwide, the adult prevalence
rate is 1.07% of the population, and 47% of infections occur
among women (98) (Table 1). AIDS is the fourth leading cause
of death worldwide and the leading cause of death in sub-
Saharan Africa. According to 1999 estimates, 18.8 million
adults and children have died of HIV/AIDS since the begin-
ning of the epidemic (98). Because the number of people
infected with HIV continues to expand, the annual number of
deaths worldwide can be expected to increase (93). In 1999,
one-fifth of HIV-related deaths were among children and
more than half of the adults who died of HIV-related causes
were women. As of November 1999, a total of 2,201,461 AIDS
cases had been reported to WHO. This total is an increase of
214,244 AIDS cases since November 1998.

Africa is the continent that has been most affected by the
HIV/AIDS pandemic. Compared with other regions of the
world, sub-Saharan Africa has the highest infection level, the
lowest level of access to care, and the least economic stability.
It accounts for almost 70% of the global total of HIV-positive
people and 83% of cumulative AIDS deaths (93). Of all re-
ported AIDS cases, 91% are estimated to have been hetero-
sexually acquired (Table 2). Infections through blood transfu-
sions and perinatal transmission from mother to child have
also contributed to the spread of HIV across the continent.
Tuberculosis (TB) is the most common opportunistic infection
among AIDS patients in sub-Saharan Africa (94, 110). The
contribution of the factors that facilitate transmission—high
prevalence of STD, low rate of male circumcision, the unequal
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status of women, migration, poverty, and patterns of social
mixing—differs by country (58, 94).

At the start of the 21st century, 24.5 million adults and
children in sub-Saharan Africa are estimated to have HIV
infection or AIDS (Table 3) (98). UNAIDS/WHO estimated at
the end of 1999 that 12.9 million women and 11.6 million men
aged 15 to 49 in sub-Saharan Africa were living with HIV
(prevalence, 8.57%). In this region, there were approximately
2.2 million HIV/AIDS deaths in 1999 (97, 98). Between 1986
and 1997, the mortality rate among men aged 15 to 60 in-
creased significantly. Life expectancy in southern Africa rose to
59 years in the early 1990s but, because of AIDS, is likely to
drop to 45 years between 2005 and 2010 (93). Unfortunately,
AIDS kills people during their most economically productive
years, making it the leading cause of potentially healthy years
lost in sub-Saharan Africa as well as the leading cause of death.

Gains in child survival in sub-Saharan Africa are being re-
versed. By 2010, child mortality is projected to increase—to
150 per 1,000 population in Botswana, 120 per 1,000 in Kenya,
230 per 1,000 in Malawi, and 200 per 1,000 in Zambia (93).

In sub-Saharan Africa, the HIV/AIDS epidemic has had the
greatest impact in urban areas. However, in countries with
considerable mobility between urban and rural areas, the rates
do not differ substantially.

A second HIV type (HIV-2) is found almost exclusively in
West Africa, primarily in Senegal, Guinea, Guinea-Bissau,
Burkina Faso, Ivory Coast, Gambia, and Cape Verde (42, 70,

71). The highest rates have been found in Guinea-Bissau: ac-
cording to a community-based seroprevalence study, 10.1% of
adults were found to be HIV-2 positive in 1989, compared with
8.9% in 1987 (71). The routes of transmission of HIV-2 are the
same as those of HIV-1, and heterosexual contact is the route
of most transmissions of both viruses. High rates of transmis-
sion are evident among people with STDs, female sex workers,
and heterosexual partners of persons infected with HIV-2.

In countries that have mounted aggressive prevention pro-
grams, seroprevalence rates have declined. The seroprevalence
rates in 15 villages in rural Uganda declined from 8.2% in 1990
to 7.6% in 1994 (60). According to data from Rakai, Uganda,
the HIV-1 seroprevalence rate among adults decreased from
23.4% in 1990 to 20.9% in 1992 (103). In Masaka, Uganda,
HIV prevalence rates fell significantly from 1989 through 1997,
from 4.5 to 1.5%, among girls aged 13 to 19 years. The rate
among adolescent boys is much lower than that among ado-
lescent girls and has remained stable (0.5%) (98). In Lusaka,
Zambia, HIV rates among young women aged 15 to 19 ex-
ceeded 25% in 1993. These rates have dropped by almost half
in the past 6 years because of effective HIV prevention efforts
(98).

The South and Southeast Asia region and the East Asia and
Pacific region, home to one half of the world’s population, have
experienced general improvement in living conditions and eco-
nomic growth during the past several decades. Prevalence rates
in the South and Southeast Asia region and in the East Asia

TABLE 1. Regional HIV/AIDS statistics and features, end of 1999a

Region Start of
epidemic

No. of adults
and children living

with HIV/AIDS

No. of adults
and children

newly infected
with HIV

Adult
prevalence
rateb (%)

% of HIV-positive
persons who
are women

Main mode(s) of
transmissionc

Sub-Saharan Africa Late 70s–early 80s 24,500,000 4,000,000 8.57 55 Hetero
North Africa & Middle East Late 80s 220,000 20,000 0.12 20 Hetero, IDU
South & Southeast Asia Late 80s 5,600,000 800,000 0.54 35 Hetero, IDU
East Asia & Pacific Late 80s 530,000 120,000 0.06 13 IDU, hetero, MSM
Latin America Late 70s–early 80s 1,300,000 150,000 0.49 25 MSM, IDU, hetero
Caribbean Late 70s–early 80s 360,000 60,000 2.11 35 Hetero, MSM
Eastern Europe & Central Asia Early 90s 420,000 130,000 0.21 25 IDU
Western Europe Late 70s–early 80s 520,000 30,000 0.23 25 MSM, IDU
North America Late 70s–early 80s 900,000 45,000 0.58 20 MSM, IDU, hetero
Australia & New Zealand Late 70s–early 80s 15,000 500 0.13 10 MSM, IDU
Total 34,300,000 5,400,000 1.07 47

a Data are from the UNAIDS report on the global HIV/AIDS epidemic: new HIV estimates, available at www.unaids.org/epidemic_update/report/epi_core.ppt.
Accessed 16 November 2000.

b The proportion of adults (15 to 49 years of age) living with HIV/AIDS in 1999.
c Hetero, heterosexual transmission; IDU, injection drug use; MSM, sexual transmission among men who have sex with men.

TABLE 2. Proportion of reported AIDS cases by mode of transmission by region from 1996 to 1999a

Region

% of cases

Heterosexual
contact

Homo- or bisexual
contact

Intravenous
drug use Transfusion/hemophilia Mother to child Other and

unknown

Africa 91 0 0 1 7 0
Latin America/Caribbean 61 26 7 1 5 1
North Africa/Middle East 58 10 12 16 5 0
South and Southeast Asia 31 34 28 2 2 4
Europe 76 11 10 2 3 0
Western Pacific 58 20 15 2 4 0
Total 56 21 14 3 4 1

a Data are from reference 111.
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and Pacific region, 0.54 and 0.06%, respectively, continue to be
relatively low (Table 1) (98). However, the number of people
infected with HIV has increased steadily, to an estimated 6.1
million adults and children, and the cumulative total of AIDS
deaths is 478,000 (98). The major modes of transmission in
these regions are heterosexual transmission and, in some coun-
tries, injection drug use. In the South and Southeast Asia
region, Cambodia has the highest prevalence rate for adults
(4.04%).

India, where 3.7 million Indians were living with HIV/AIDS
at the end of 1999, has the highest number of HIV-infected
persons in Asia. However, given its large population, the over-
all HIV prevalence rate, 0.70%, is still low (98). Heterosexual
contact with sex workers has been a major risk factor in HIV
transmission. Surveillance studies have reported rates among
sex workers of 51% in Bombay and 45% in Pune (25). Preva-
lence rates in 1997 among women attending antenatal clinics
were 2.4% in Mumbai and 4.0% in Ponicherry (109).

Currently, China is estimated to have more than 500,000
HIV-infected persons (98). Most (70%) of the reported HIV
infections and AIDS cases are among IDUs in Yunnan Prov-
ince. In this region, HIV infection rates among IDUs range
from 38% in Urumqi to 76% in Yining (51); however, trans-
mission due to heterosexual contact is also increasing in south-
ern China (93; Y. Shao, L. Su, X. H. Sun, H. Xing, P. L. Pan,
H. Wolf, and J. Shen, Program Abstr. XII Int. Conf. AIDS,
Geneva, Switzerland, abstr. 13132, 1998). Increases in other
STDs are also an important risk factor for HIV in this region.
In 1997, 462,000 patients were reported as having STDs, an
increase of 16% since 1996. Given China’s population of more
than 1.3 billion, even small increases in prevalence will trans-
late into large numbers of people affected by HIV.

Commercial sex is also responsible for a high proportion of
cases in Cambodia, Myanmar, and Thailand. The epidemic of
HIV in Thailand evolved from female sex workers to their
male clients and subsequently to the female partners of the
clients. It is estimated that 755,000 persons in Thailand have
already been infected with HIV (overall prevalence rate,
2.15%) (98). Thailand has made considerable progress in the
fight against HIV/AIDS. As condom use has increased and
visits to female sex workers have decreased, sexual behavior
has changed; as a result, HIV prevalence has decreased (63,
68). For example, HIV prevalence among young men in the
military fell from 12.5% in 1993 to 6.7% in 1995. Also, the

proportion of men who reported sex with female sex workers
fell from 81.4% in 1992 to 63.6% in 1995. From 1991 through
1995, men’s use of condoms with female sex workers increased
from 61 to 92.5% (63).

In Latin America and the Caribbean, an estimated 1.6 mil-
lion adults and children are living with HIV/AIDS (98). The
HIV/AIDS epidemic in Latin America and the Caribbean dif-
fers greatly between and within countries. Latin America and
the Caribbean consist of 44 countries, divided into six regions:
the Andean Area, the Southern Cone, Brazil, Central Amer-
ica, Mexico, and the Caribbean. The modes of transmission
differ considerably. Heterosexual transmission is predominant
in the Caribbean (62%) and Central America (73%) (65).
Male-to-male sexual contact is the largest single mode of trans-
mission for the Andean Area, Mexico, and Brazil, accounting
for 43, 38, and 32%, respectively, of infections (65). Injection
drug use plays an important role in transmission in Brazil
(responsible for 21% of HIV infections) and is the single larg-
est transmission category for the Southern Cone (34%).

Rates of HIV infection among women are substantial and
are increasing in some countries in Latin America and the
Caribbean. The male-to-female ratio of AIDS cases in Brazil
has decreased as HIV infection among women has increased
due to spread through heterosexual transmission and injection
drug use (10). In the Dominican Republic and Haiti, HIV
prevalence rates among pregnant women who attend antenatal
clinics range from 1 to 9% (65). Overall, regional rates among
pregnant women are still low, but they have reached 3.5% in
Bolivia and 2.7% in Brazil.

Until 1995, Eastern European countries, including the
former Soviet Union, had reported few HIV cases, mostly
among homosexual men. Screening of other groups, such as
blood donors, pregnant women, STD patients, and IDUs,
showed very low rates of infection from 1990 through 1994
(58). In the past few years, however, the rates have changed
substantially. Since 1995, HIV has spread rapidly among IDUs
in the Ukraine, Belarus, Moldova, Russia, Caucasus, the Baltic
States, and in Kazakhstan, in Central Asia, where political,
economic, and social transition has facilitated the spread of
HIV.

Currently, 420,000 adults and children in the region com-
prising the former Soviet Union and Central and Eastern Eu-
rope are living with HIV/AIDS. Of the HIV-positive adults,
25% are women (98). The prevalence rate for adults in the
Eastern Europe and Central Asia region is 0.21% (98). Rates
among IDUs are increasing rapidly in some countries. In 1999,
more than 5,000 IDUs in Moscow alone were HIV infected.
HIV prevalence rates range from 2% among IDUs in Russia to
about 30% in sentinel surveys in Ukraine and to more than
60% in Svetlogorsk, Belarus (54). In Ukraine, new HIV infec-
tions increased from 47 per year during 1992 through 1994 to
1,500 in 1995, 12,000 in 1996, and 15,000 in 1997. Recent
estimates indicate that 80% of new infections are occurring
among IDUs (10, 74, 87). Ukraine, the country in this region
that has been most affected, accounted for approximately 90%
of all AIDS cases reported in the region in 1998 and 1999 (87,
93).

There are signs that a sexually transmitted HIV epidemic
could evolve rapidly in many areas of Eastern Europe, where
rates of other STDs, specifically syphilis, have increased dra-

TABLE 3. Adults and children estimated to be living with
HIV/AIDS as of the end of 1999a

Region No. of persons

Sub-Saharan Africa ................................................................ 24,500,000
South and Southeast Asia ..................................................... 5,600,000
Latin America ......................................................................... 1,300,000
North America........................................................................ 900,000
East Asia and Pacific ............................................................. 530,000
Western Europe...................................................................... 520,000
Eastern Europe and Central Asia........................................ 420,000
Caribbean ................................................................................ 360,000
North Africa and Middle East.............................................. 220,000
Australia and New Zealand .................................................. 15,000

a Data are adapted from the UNAIDS report on the global HIV/AIDS epi-
demic: new HIV estimates, available at www.unaids.org/epidemic_update/report/
epi_core.ppt. Accessed 16 November 2000.
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matically (2). In 1997, syphilis rates were as high as 262 per
100,000 population in some countries in the region (58). Dur-
ing 1998, WHO, having found a 50-fold increase in syphilis
cases in Russia, estimated that 1 in 400 Russians were infected
with syphilis, a rate that is 200 to 500 times greater than in
Western European countries (41, 47).

Romania has the greatest number of pediatric HIV/AIDS
cases in Europe. Of 7,000 HIV-infected persons, 5,000 are
children (98). Of the AIDS cases, 90% are among persons aged
0 to 14 years (97). In 1998, less than 10% of current pediatric
cases were due to mother-to-child transmission; most transmis-
sions occurred in health care settings through infected blood
products and the use of contaminated equipment and syringes
(93, 97). According to a Romanian study, 1 in 5 in a population
of 101 abandoned infants and children was infected with HIV
(38). Transmission to children through these routes has been
contained, but if HIV infections among women of childbearing
age increase, HIV infection in children through mother-to-
child transmission could again become a major problem.

Although the Middle East and North Africa region has not
yet experienced a major spread of HIV, it is estimated that
220,000 adults and children are living with HIV or AIDS (adult
prevalence, 0.12%) (98). In 1999, approximately 20,000 adults
and children in this region were newly infected with HIV. In
the areas for which data exist, transmission can be attributed to
injection drug use, heterosexual contact, and contaminated
blood transfusions (93). Injection drug use is responsible for
more than one-third of the AIDS cases in Tunisia and one-
tenth of the cases in Egypt. During 1996, HIV prevalence
among STD patients rose from 1.3 to 5% in Sudan. This
pattern has also been seen in Yemen, Pakistan, and the Syrian
Arab Republic (85). Currently, 89% of persons living with
HIV/AIDS in this region are from Algeria, Egypt, Israel, Mo-
rocco, Sudan, Tunisia, Turkey, and the United Arab Emirates
(98). Given the diversity of economies, cultures, and social
systems, the future size and trends of the epidemic in this
region are difficult to predict.

SEXUAL TRANSMISSION

Although AIDS was first defined in homosexual men in the
United States and male-to-male sex remains the predominant
mode of transmission in most industrialized countries, the pre-
dominant mode of transmission worldwide continues to be
heterosexual contact (75% of total spread) (64, 93). As epi-
demics of HIV infections fueled largely by heterosexual trans-
mission have developed in resource-poor countries, the age at
which transmission occurs has fallen: half of all transmissions
are now believed to occur among people under the age of 25
(93). As heterosexual transmission increases, the impact of the
pandemic on women is rising, even in countries where other
routes of transmission are more prevalent (64).

Several risk factors have been associated with the heterosex-
ual transmission of HIV, including lack of circumcision, high
virus load and decreased CD41 cell count in an infected part-
ner, presence of an STD (genital ulcer disease or nonulcerative
STDs), and certain sexual practices (sex during menses, bleed-
ing during intercourse, and receptive anal intercourse). Ac-
cording to several studies, uncircumcised men were eight times

more likely to be HIV infected than were those who were
circumcised, and men with foreskins were more likely to trans-
mit HIV to their sex partners during unprotected sex (35, 59).
In a study in Nairobi, Kenya, the risk for seroconversion was
8.2-fold higher for uncircumcised men who visited female sex
workers than for circumcised men who did so (11).

Increasing evidence supports a direct association between
heterosexual transmission and virus loads (67). A recent study
of discordant couples in Uganda revealed that the HIV-1 RNA
level in the HIV-infected partner was highly correlated with
the risk for heterosexual transmission. For every 10-fold in-
crease in virus load, the risk for transmission increased .2-fold
(28, 72; T. C. Quinn, M. Wawer, N. Sewankambo, et al., Pro-
gram Abstr. 7th Conf. Retroviruses Opportunistic Infect., San
Francisco, Calif., abstr. 193, 2000). Persons with virus loads of
fewer than 1,500 copies of HIV-1 RNA/ml did not transmit the
virus to partners.

Strong epidemiologic, clinical, and laboratory data demon-
strate the increased risk for HIV transmission and acquisition
due to other STDs. The presence of ulcerative and inflamma-
tory nonulcerative STDs may promote the infectiousness of
HIV and susceptibility to it by (i) disrupting normal mucosal
barriers, which allows HIV into the bloodstream; (ii) facilitat-
ing HIV shedding in the genital tract; and (iii) recruiting HIV
inflammatory cells to the genital tract (24, 31, 33, 45, 47, 48,
102). The presence of genital ulcers, syphilis, genital herpes, or
chancroid in men and women is associated with a 1.5- to
7-fold-increased risk for HIV infection. Researchers of studies
of African female sex workers found a significant association
between chlamydia and HIV (median odds ratio [OR], 4.5;
range, 3.2 to 5.7). In another study, of men and women at an
STD clinic in Pune, India, genital ulcers were associated with
HIV (OR, 2.1; range, 1.2 to 3.7) (46, 69, 76).

Two intervention trials examined the effect of treating STDs
to reduce the spread of HIV infection (24, 37). In a study in
Mwanza, Tanzania, the treatment of symptomatic STDs re-
duced HIV incidence by 40% (30). In a study of adults in the
Rakai district in Uganda to assess the effect of the mass dis-
tribution of STD medications (to persons with and without
symptoms) on HIV incidence, the treatment did reduce the
prevalence of some STDs, but it did not decrease HIV inci-
dence (5). Although the different effects of these two regimens
is not totally understood, the difference in the relative dura-
tions of the epidemics (longer term in Uganda) and the dif-
ferent intervention methods most likely contributed to the
different results. The Rakai results do tell us that prevention
and control of STDs are effective, affordable, and feasible in
resource-poor settings. The Mwanza study clearly showed that
integrating STD care into primary health care services can lead
to a considerable reduction in HIV transmission (32, 33).

In many parts of the developing world, STDs are prevalent
but treatment and services are inadequate (37, 45, 48). The
reduction in STDs can prevent HIV transmission in popula-
tions at high or medium risk, and accessible and effective STD
treatment services can lower the incidence of HIV infection
(31–33, 44, 46). Studies around the world confirm that improv-
ing the management of STD care is an important HIV preven-
tion strategy.
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MOTHER-TO-CHILD TRANSMISSION

Mother-to-child, or perinatal, transmission is estimated to
account for 15 to 25% of all new infections (95). Worldwide,
more than 90% of HIV infections in children are acquired by
transmission from mothers to their infants. An estimated 2.4
million HIV-infected women give birth each year, resulting in
600,000 new infections in infants annually; thus, 1,600 infants
are infected with HIV each day (88, 93, 95, 96). To date, 9 of
10 babies with perinatally acquired HIV infection have been
born in Africa, where more than 50% of HIV infections occur
in women of childbearing age (96). In addition, the number of
cases in children in India and Southeast Asia seems to be rising
rapidly as more women become infected.

Multiple factors influence the likelihood that an HIV-in-
fected pregnant mother will transmit the infection to her child.
Some of these risk factors include high maternal virus load, low
CD41 count, decreased maternal cell-mediated immunity, pre-
mature rupture of membranes during labor, premature deliv-
ery, low birth weight, mode of delivery, untreated STDs, and
prolonged labor (15, 24, 80). Mother-to-child transmission can
occur in utero, intrapartum, or postpartum during breast-feed-
ing. Risk factors in breast-feeding include high plasma virus
load, mixed feeding practices, mastitis, and abscesses. The fac-
tors that determine the timing of transmission are still not well
understood.

In industrialized countries, advances in the prevention of
mother-to-child transmission have substantially reduced the
number of children who acquire HIV. Pediatric AIDS Clinical
Trial Group 076 (PACTG 076) showed that zidovudine (ZDV)
administered to the mother during pregnancy and intrapartum
and to the neonate could reduce perinatal transmission by 68%
(Table 4) (13, 83). In developing countries, where HIV prev-
alence among pregnant women is higher than in industrialized
countries but the health resources are limited, the cost and
complexity of the 076 regimen hinder applicability (8).

Several studies have been conducted in developing countries
to develop simpler and less expensive antiretroviral regimens

to reduce perinatal transmission. Three studies—one in Thai-
land and two in the Ivory Coast—were conducted to look at
shorter courses of ZDV (15, 78, 105). The trial in Thailand
showed a 50% reduction in transmission from women who did
not breast-feed and who took a shorter course of ZDV (78).
Both of the studies in the Ivory Coast were of mothers who
primarily breast-fed their infants (15, 105). One demonstrated
a 37% reduction in transmission to the child at 3 months of age
(105), and the other showed a 38% reduction at 6 months of
age (15). In a multicenter trial in South Africa, Uganda, and
Tanzania, three regimens of ZDV and lamivudine (3TC) were
evaluated: prepartum, intrapartum, and postpartum; intrapar-
tum and postpartum; and postpartum only (95). At 6 weeks,
the reduction was greatest (52%) for the three-part course,
followed by 38% for the intrapartum and postpartum regimen
and no reduction in transmission for the postpartum-only reg-
imen. The HIVNET 012 trial (Table 4) in Uganda compared
the efficacy of an ultrashort course of ZDV versus nevirapine:
vertical transmission in the nevirapine group compared with
the ZDV group was reduced 47% at 4 months (34).

The need for cost-effective interventions in resource-poor
settings is an immediate public health concern. The PACTG
076 regimen costs more than US$800 (Table 4). This high
treatment cost is not cost-effective for countries with annual
health expenditures of $2 to $40 per person (55, 106). Despite
nevirapine’s efficacy and low cost (approximately US$4), chal-
lenges still remain for prevention (34, 55).

Unlike the industrialized countries, where HIV-infected
mothers are counseled not to breast-feed and safe alternative
breast-feeding practices are available, breast-feeding is preva-
lent in most developing countries. Breast-feeding, the corner-
stone of child health and survival strategies, plays an important
role in reducing infant mortality in many countries. In devel-
oping countries, one-third to one-half of all HIV infections in
young children are acquired through breast milk (23, 26, 84).
Risk factors for transmission through breast milk include high
maternal virus load and mastitis (8, 16, 77). In the presence of

TABLE 4. Clinical trials to reduce perinatal transmission

Trial Drug

Treatment

Efficacy (%)
Estimated cost

(US$)
Antepartum Intrapartum Postpartum

(to infant)

No breast-feeding
PACTG 076 3-part ZDV 100 mg 5 times/day start-

ing at 14 to 34 wk
Intravenous, 2 mg/kg

loading, then 1 mg/kg
per h

2 mg/kg every
6 h for 6 wk

68 800

Thailand, short-course ZDV ZDV 300 mg twice a day start-
ing at 36 wk

300 mg every 3 h None 51 80–100

Breast-feeding
Abidjan, Ivory Coast, short-

course ZDV
ZDV 300 mg twice a day start-

ing at 36 wk
300 mg every 3 h None 44 (at 1 mo), 37

(at 6 mo)
80–100

PETRAa A ZDV-3TC Twice a day starting at
36 wk

ZDV every 3 h, 3TCb

every 12 h
Every 12 h for

1 wk
52 (at 8 wk) 100

PETRA B ZDV-3TC None ZDV every 3 h, 3TC ev-
ery 12 h

Every 12 h for
1 wk

38 (at 6 wk) 50

PETRA C ZDV-3TC None ZDV every 3 h, 3TC ev-
ery 12 h

None 5 (at 6 wk)

HIVNET 012 (Uganda) NVP None Single dose (200 mg) of
NVPc at onset of labor

None 47 (at 4 mo) 4

a PETRA, perinatal transmission.
b 3TC, lamivudine.
c NVP, nevirapine.
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mastitis, inflammatory cells, such as HIV-infected lympho-
cytes, could raise the virus load in breast milk and increase
HIV transmission (28, 30, 36, 77; N. A. Galvaao, C. L. Silva,
P. S. Naud, E. B. Chaves, S. A. Zachia, M. Larangeira, F.
Dubina, and F. M. Hartman, Program Abstr. XII Int. Conf.
AIDS, Geneva, Switzerland, abstr. 12155, 1998). According to
a meta-analysis of 10 reports, the risk for transmission through
breast-feeding is 7 to 22% for mothers who have established
HIV infection when they give birth (30). Another investigation
found a high risk for HIV transmission (0.7% incidence per
month) from breast-feeding during 2 to 6 months postpartum;
the findings also reflected a low but continuous risk for trans-
mission during late breast-feeding (0.3% incidence per month
during 12 to 24 months) (57). In a randomized clinical trial in
Kenya, breast-feeding transmission was 16.1%, and most of the
infections occurred during early breast-feeding. The use of
alternatives to breast milk prevented 44% of infant infections
(62).

A variety of approaches to prevent transmission during
breast-feeding have been proposed. The early cessation of
breast-feeding can still prevent some infections when artificial
feeding is impractical because of cost, lack of clean water, or
stigma (3, 62). To be effective, programs to reduce transmis-
sion by providing artificial feeding must minimize the likeli-
hood of decreasing breast-feeding by uninfected women (43).

PARENTERAL TRANSMISSION

Transmission through blood transfusions, once a concern in
many countries, has been nearly eliminated in developed coun-
tries by the routine screening of blood donations (9, 64, 107).
In developing countries, transmission through the blood supply
has yet to be eliminated, especially where HIV prevalence
rates among blood donors are high and where screening of
blood for HIV has not become routine (9, 38, 64, 88, 107). This
situation is particularly a problem in places where blood trans-
fusions are a commonly used treatment. It is believed that
nearly a quarter of the estimated 2.5 million blood transfusions
in Africa in 1995 had not been screened for HIV antibodies
(64, 88). Studies among blood donors in India have shown that
50% of the blood is screened but that 10% of paid donors are
HIV positive (50). During the period from 1989 through 1991,
10% of all orphans in Romania became infected with HIV
through unsafe injections in hospitals and institutions (38, 81).

Injection drug use plays a critical role in the HIV epidemic
in various regions, particularly Asia and southern Europe. Ac-
cording to studies in Southeast Asia, HIV prevalence among
IDUs rose to 40% within 1 to 2 years after the first positive
HIV test result. This was true in Bangkok, Thailand; Yunnan
Providence, in southwestern China; Myanmar; and Minipur, in
northeast India. HIV infection among IDUs has also spread in
Malaysia and Vietnam (74, 75). The increase has coincided
with new patterns of drug use, particularly the shift from smok-
ing opiates to injecting drugs (influenced by the increased
availability and affordability of injectable heroin), and in-
creased migration and population mixing (74, 75, 81). HIV
transmission among IDUs is also associated with drug distri-
bution routes and patterns of migration. In Manipur, India,
HIV infection through injection drug use is concentrated along
the main trading road (6, 74, 75). Increased migration precedes

the spread of HIV infection among IDUs. Similar associations
were found among migrant mining laborers in Myanmar, fish-
ing laborers in Thailand, and truck drivers in Russia and the
Ukraine (7, 80, 81).

Well-documented HIV prevention strategies that have re-
duced HIV transmission among IDUs in developed countries
are now being adopted in developing countries (Asia and Latin
America) and transitional countries (Eastern Europe and the
Newly Independent States) (18, 19, 74, 75). Interventions in-
clude needle exchange and distribution, condom and bleach
distribution, outreach to IDUs, peer education programs, and
social network interventions (6, 18, 93).

Programs that distribute condoms and bleach and provide
advice on syringe cleaning are being implemented in Manipur
(in northeastern India), Malaysia, Vietnam, Thailand, and Ne-
pal (6). Other outreach programs for IDUs provide HIV pre-
vention information in Belarus, Ukraine, Kazakhstan, the Rus-
sian Federation, China, Myanmar, Brazil, and Argentina (6).

ECONOMICS OF HIV/AIDS CARE

The HIV/AIDS pandemic has profoundly affected the econ-
omy, the work force, individual workers and their families,
health care expenditures, the cost of labor, and savings and
investments (40, 100, 101, 107). AIDS is the second leading
cause of death among adults in developing countries. It is
projected that HIV will be responsible for almost 40% of all
deaths from infectious diseases by 2020 (108). AIDS also has
costly consequences, especially for the poor. Because AIDS
affects people during their most productive years, it has nega-
tive consequences for worker productivity, family income, and
national revenues (107, 108). As the pandemic evolves, it wid-
ens the gap between available resources and the needs for care.
Annual medical costs in African countries during 1990 to 1993
ranged from US$210 (Malawi) to US$936 (Zimbabwe) per
person (56). In industrialized countries during those years,
costs ranged from US$20,000 (United Kingdom) to US$57,000
(Switzerland) per person (107). The overall cost of care in
industrialized countries has increased steadily because of the
increased number of AIDS cases, longer survival time, and
increased use of expensive therapies.

The estimated cost of providing HIV treatment and care
exemplifies the impact of AIDS on health budgets in the de-
veloping world (56, 107). For example, treatment costs in Tan-
zania accounted for 50% (US$26 million) of the country’s 1991
health budget. By 2015, the total cost for HIV/AIDS treatment
and care could reach US$155 million. By 2005, the estimated
global cost of HIV/AIDS care and treatment is expected to
account for more than a third of health spending by the gov-
ernment in Ethiopia, more than half in Kenya, and nearly two
thirds in Zimbabwe (93, 101). Even countries with relatively
low HIV prevalence will experience significantly increased
health care costs because of HIV/AIDS.

In some middle-income countries, the cost of HIV/AIDS
care is affected by the growing availability and use of anti-
retroviral medications for HIV-related illnesses. It is estimated
that over a 1-year period (mid-1997 to mid-1998), Brazil
averted US$136 million in hospital admission and treatment
costs for people with HIV infection. However, Brazil’s AIDS
expenditure is 3.0 times the per capita gross national product
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(107). In Argentina, antiretroviral medications are provided to
HIV-positive persons. The result has been a 40% decrease in
the rate of new AIDS cases (101, 107, 108). The effect of
antiretroviral medications on the cost of HIV/AIDS care in
most developing countries is limited because of high cost and
the lack of a medical infrastructure to manage the distribution
and use of these therapies (56, 107, 108). Overall, global HIV/
AIDS spending will dramatically affect care in the future. The
gap in new HIV infection rates and AIDS deaths between rich
and poor countries, especially between Africa and the rest of
the world, is likely to grow even larger in the next century.

HIV-ASSOCIATED ILLNESSES AND TREATMENT

TB is the most common opportunistic infection and the
leading cause of mortality among people with HIV in devel-
oping countries, in contrast to industrialized countries, where
Pneumocystis carinii pneumonia is the leading cause of HIV
morbidity (53). According to studies in Uganda (53) and the
Ivory Coast (52), TB caused or contributed to 30 to 40% of the
deaths of HIV-infected persons. As of 1999, approximately 11
million persons were coinfected with HIV and TB (110). Most
cases of clinical TB in HIV-infected persons are due to the
reactivation of latent infections (20, 22). For persons with
latent infection worldwide, the annual risk of developing clin-
ical TB ranged from 5 to 8% for those with HIV infection,
compared with 0 to 0.8% for those without HIV infection (4).

Recent randomized controlled trials showed that TB pre-
ventive therapy prevents TB disease in persons coinfected with
HIV and TB. In a clinical trial in Haiti, 12 months of isoniazid
prophylaxis decreased the incidence of TB from 10.0 to 2.2 per
100 person-years and slowed the progression to AIDS (66). A
study in Uganda also showed the effectiveness of TB preven-
tive therapy for HIV-infected persons. TB preventive therapy
taken by HIV-infected persons after a positive tuberculin test
result extended life expectancy 7.79 years, reduced the inci-
dence of TB from 38,000 to 30,000 per 100,000, and reduced
social and medical care costs (7). This study also showed that
TB preventive therapy is cost-effective: it costs US$315 to
US$636 to extend life by 1 quality-adjusted life-year.

Evidence suggests that TB speeds the progression of HIV,
altering the course of HIV in areas of high TB prevalence (20,
22). Although TB preventive therapy should be incorporated
into the care of HIV-infected persons, the prompt and com-
plete treatment of people with active TB disease is essential for
individual as well as public health purposes (4).

Highly active antiretroviral therapy reduces opportunistic
infections and mortality, but it is not affordable for most per-
sons in resource-poor countries. Before effective antiretroviral
therapy was available in developed countries, the survival of
HIV-infected persons depended upon preventing opportunis-
tic infections by the use of antibiotic prophylaxis (104). In
countries where antiretroviral therapy is not readily available,
preventive therapy may reduce HIV-related morbidity and
mortality among HIV-infected persons (17). Two studies in
Abidjan, Ivory Coast, demonstrated that trimethoprim-sulfa-
methoxazole (co-trimoxazole) can reduce the frequency of op-
portunistic infections and death among HIV-infected people.
In one study of HIV-infected patients with TB, the daily use of
co-trimoxazole reduced mortality 46% (104). In the other

study, co-trimoxazole reduced serious illness 43% (1). The
results of these studies were the basis of a recent UNAIDS
recommendation for the use of co-trimoxazole prophylaxis for
people with HIV in developing countries to reduce the mor-
bidity and mortality associated with opportunistic infections
(99).

GLOBAL PANDEMIC: THE FUTURE

The examples of several countries show that it is possible to
reduce the spread of HIV with existing technology and inter-
ventions. Strong prevention programs in Senegal, Thailand,
and Uganda have caused the HIV-infected proportion of the
population to drop to 1.8, 2, and 9.5%, respectively (86, 90, 92,
97). The prevention successes in these countries demonstrate
the importance of aggressive national intervention programs
that include key components such as behavior change commu-
nication, STD treatment, increased access to condoms, and
increased access to HIV testing. Mass media, outreach, coun-
seling, and peer education have been used to increase aware-
ness and life skills among young people, those with high-risk
behaviors, and the public at large (86, 90, 92, 97). Although the
declines in HIV prevalence are modest, sound programs and
political commitment can make a difference. Ultimately, it is
the cumulation of these successes that will put an end to the
spread of HIV and its pervasive impact on the global commu-
nity.

Prevention is a cost-effective measure for fighting the disease
and countering the economic effect of HIV/AIDS on individ-
uals, families, and communities. Prevention interventions cost
less than HIV/AIDS treatments and are economically sound
investments (107, 108). The World Bank estimated that con-
doms, information, and STD treatment for female sex workers
cost US$8 to US$12 per infection averted.

We have learned that no single approach will contain the
epidemic and that we need all available resources. It is clear
that making information and services available to young peo-
ple is increasingly important in arresting the spread of the
virus. Affordable barrier methods controlled by women, to
complement the male condom, are also important (97). Wom-
en’s biological vulnerability is compounded by their social sta-
tus and economic status, both of which leave them at a disad-
vantage in demanding fidelity or the use of the male condom.
Negotiating consistent condom use is not always feasible for
many women. A microbicide will offer a preventive option that
women can more easily control (89). A vaccine that is effective
and affordable in developing countries would greatly improve
the prospects for reducing the global pandemic (5, 37, 91).

As the pandemic proceeds, the global gap between the need
for care and the available resources to provide care for people
in countries most affected by this epidemic widens. To cope
with these challenges, new models of care and cost-effective
health care delivery systems are needed (53). Methods of mak-
ing therapies, including antiretroviral therapies, affordable
must be sought. As the HIV/AIDS epidemic continues to dev-
astate the global community, increased prevention and care
efforts must address strategies to prevent new cases of HIV
and to help those who are infected.
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